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REVIEW 


Hair as a biomarker for exposure to tobacco smoke 

W K Al-Delaimy 


This article provides an overview of the hair nicotine 
biomarker for assessment of exposure to tobacco 
smoke, with emphasis on environmental tobacco smoke 
(ETS). Measurement of nicotine in hair can be an 
informative tool for research looking at ETS and related 
illnesses. There are still unresolved issues in relation to 
this biomarker such as influence of hair treatment, hair 
colour, and growth rate on nicotine levels in hair, which 
need to be addressed in order to further refine this 
biomarker for exposure assessment. Nevertheless, hair 
nicotine promises to be a valid and reliable measure of 
longer term exposure that can be readily applied in 
epidemiological studies of exposure to tobacco smoke, 
and more specifically ETS, and its risk to health. 
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N icOLine is !he principal identifying con¬ 
stituent of tobacco, and most studies 
assessing tobacco smoke exposure 
{whether active or passive) have looked for meth¬ 
ods of measuring nicotine or one of its metabo¬ 
lites in the human body. Levels of nicotine in hair 
have been suggested by several studies as a possi¬ 
ble marker of long term smoke exposure.'" 1 The 
relatively long term (up to several months) expo¬ 
sure assessment is the major advantage of this 
approach, and one that is particularly relevant to 
epidemiological studies of disease aetiology. This 
paper reviews this biomarker and its importance 
as a measure of environmental tobacco smoke 
(ETS) exposure in the epidemiological setting, 
examining issues ranging from the physiology of 
hair to the possible disadvantages of this ap¬ 
proach. The definition of ETS in this review is: the 
tobacco smoke produced by an active smoker 
(from the exhalation of smoked tobacco; known 
as mainstream smoke, and that produced by the 
burning end of the cigareue; known as side¬ 
stream smoke) that is inhaled by non-smokers. 

The Medline database was searched from 1966 
to May 200i using the keywords "nicotine" and 
"hair". The overview is divided into four parts: the 
first describes the physiology of human hair; the 
second part reviews published literature on the 
topic (mainly summarised in table 1), the third 
part describes in detail aspects related to hair as a 
biomarker of tobacco smoke exposure, and the 
fourth part outlines the advantages and disad¬ 
vantages of this biomarker. 
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of the scalp is generally 1 (0.3) cm per month.” 
Hair growth rate has been calculated as 1.1 cm/ 
month using drug markers incorporated into the 
hair through the systemic circulation.’ The 
anatomical location of the hair is the most impor¬ 
tant factor in hair growth rate. Scalp hair grows 
more quickly than pubic or axillary hair, and 
85-90% of it is continuously found in the growing 
stage. The back of the scalp is the area with most 
uniform growth pattern; it is therefore the 
recommended site for sample collection. This is 
because the continuous growth provides updated 
information on exposure, and the limited per¬ 
centage of non-growing hair minimises variabil¬ 
ity of results. 1 ’'” Further details on hair growth 
stages can be found in references 10 and II. In 
general, scalp hair grows faster in women than in 
men," which may be related to female hormones. 
Other factors such as race and age may also affect 
hair growth rate, but there is no strong evidence 
in the literature. 

Bearing in mind these sources of variability, 
each cm of scalp hair reflects approximately one 
month of past exposure." The cm-by-cm distribu¬ 
tion of nicotine has been found to approximately 
match the self report of the month-by-month 
mean number of cigarettes smoked daily (fig 1 ).'* 
Findings from other studies are similar.’ ' There¬ 
fore, when using hair samples for analysing "lime 
related exposure" Lo nicotine or other external 
substances, it is important to measure the length 
of the analysed hair segmem from the scalp. 
However, if the aim is to determine the concentra¬ 
tion of nicotine per weight of hair as a measure of 
usual exposure, regardless of the time of expo¬ 
sure, or if history of past exposure was constant, 
then the length of hair sample becomes irrel¬ 
evant. 

STUDIES OF HAIR NICOTINE AS A 
BIOMARKER OF TOBACCO EXPOSURE 

The first recorded use of hair as a biomarker of 
exposure was in the mid 19th century" when 
arsenic was detected in the hail of a deceased 
person. However, it was Baumgartner cl a!' 1 in 
1979 who laid the foundation for hair analysis in 
modem times, applied first to testing for opiates 
with the radioimmunoassay method. Ishiyama cl 
al" in 1983 were the first to report the presence of 
nicotine in hair of humans. Since then a number 
of studies from different countries have investi¬ 
gated the use of hair for measuring exposure to 
nicotine. Table 1 summarises these studies. 

The level of active smoking can be simply 
assessed by calculating the self reported number 
of cigarettes smoked by an individual in a given 
period. Several studies have compared the self 
reported number of cigarettes smoked per day 
with nicotine levels in hair and found significant 
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Figure 1 Axial distribution of nicotine along hair shafts collected 
from a subject who participated in a smoking cessation programme. 
A scalp hair sample was collected at the end of the programme and 
cut into 1 cm lengths successively from the scalp ends. Trie mean 
numbers of cigarettes consumed daily reported by the subfect every 
month is shown above the graph. Reprinted from Uematsu 14 with 
permission from publisher. 

associations. 219 20 Mizuno et aV* compared cigarette smoking 
history with hair nicotine levels and found it was "imprinted" 
along the hair shaft, while Uematsu described the hair as a 
"tape recorder" that continues to store data of the individual 
exposure to nicotine. 14 To test the reliability of the hair 
nicotine method, Zahlsen and Nilsen 21 carried out a one year 
follow up of 20 adult subjects in Norway and showed 
reproducibility of hair nicotine measurements over time. Hair 
samples were collected twice, 12 months apart, from the same 
subjects and indicated that the method is sufficiently sensitive 
to deLect changes in active and ETS exposure levels. This find¬ 
ing was also supported by others.” 

However, other studies have not found an association 
between active smoking and hair nicotine levels.” 24 In a group 
of mothers and their newborns in Toronto, Canada, no relation 
was found between the number of cigarettes smoked by the 
mothers and their hair nicotine levels, or that of their 
corresponding neonates. 25 These studies were concerned with 
intrauterine exposure to maternal tobacco smoke exposure 
(whether active or passive). However, they found a strong cor¬ 
relation between maternal and neonatal hair nicotine levels 
(r = 0.78, p < 0.01). Neonates from non-smoking mothers 
had significantly lower hair nicotine levels than neonates of 
smoking mothers (p < 0.001). Similar findings were reported 
in another study by the same group (fig 2)” and in other stud¬ 
ies (table 1). 

The first study to compare urine cotinine levels to hair nico¬ 
tine levels 1 looked at hair nicotine and urine cotinine as 
biomarkers of ETS in a population of 94 children aged 1-3 
years from Norway. They reported that nicotine in children's 
hair correlated more closely with parental smoking history 
(r = 0.64, p < 0.0001) than did coiininc in urine (r = 0.50, 
p < 0.0001). Smoking and non-smoking parents could be dif¬ 
ferentiated through analysis of the nicotine levels in their 
children's hair. This differentiation was not possible using 
urine cotinine levels. The median hair nicotine level of 
children exposed to more then 10 cigarettes per day was 12.4 
times higher than levels in those not exposed, while the 
median of those exposed to less than 10 cigarettes was 3.4 
times higher titan the unexposed. 1 The advantages of hair 
nicotine over the more widely used urine cotinine method was 
also found in our rccenL study, 21 * involving the largest sample 
published to date. 

Recently, Nafstad d al 27 applied hair nicotine levels as a 
biomarker to predict the effect of ETS exposure from the 
mother during pregnancy on the size of the newborns. They 


were able to demonstrate an increased risk of small-for¬ 
ges tationa] age at birth among exposed children (odds ratio 
(OR) of upper quartiles with higher nicotine levels compared 
to the reference lower quartile was 4.2, 95% confidence inter¬ 
val (Cl) 1.5 to 11.5). We recently applied hair nicotine as a 
biomarker of exposure of bar and restaurant staff to ETS from 
their work place. 28 We found a significant difference in hair 
nicotine levels of non-smokers according to their smoking 
policy at work <p < 0.001), with non-exposed non-smokers 
having minimum levels in their hair and heavily exposed 
non-smokers having levels as high as active smokers (table I). 
Such findings would not have been possible using question¬ 
naire measures Of exposure alone. The limitation of question¬ 
naires to predict exposure in relation to the place of smoking 
at a group of children's households was demonstrated in 
another study, where we found that parents who reported 
smoking outside the house and never near their children were 
exposing their children to tobacco smoke at much higher lev¬ 
els than those who never smoked. 29 

The results from these studies show promise of a reliable 
and valid new method of ETS exposure measurement. The 
exposure-dose relation with reported history of exposure 
indicate appropriateness of the use of hair nicotine_for collect¬ 
ing objective results from studies investigating the health 
effects of ETS. Questionnaires still have advantages of low cost 
and availability for researchers and should be considered 
complementary to the hair nicotine measures in epidemiologi¬ 
cal studies that use this biomarker. 

HAIR AS A BIOMARKER OF NICOTINE EXPOSURE 
Metabolism of nicotine 

Cigarette smoke constituents (including nicotine) enter the 
body by inhalation and are then absorbed into the systemic 
circulation. Nicotine (a tertiary amine composed of a pyridine 
and pyrolidine ring) is lipid soluble 30 and therefore has a large 
distribution volume in the body (2—3 litres/kg) and readily 
permeates cell membranes. Almost 80% of nicotine is metabo¬ 
lised in the liver by cytochrome p450 enzyme to cotinine. 3132 

It has been suggested that there is a difference in the 
metabolism of nicotine between smokers and non-smokers; 
conversion of nicotine to cotinine and its elimination in urine 
can be more rapid among smokers than non-smokers. 33 How¬ 
ever, based on laboratory studies measuring body clearance 
rates of labelled nicotine and coLinine among smokers and 
non-smokers, it has been argued that the pharmacokinetics of 
nicotine and cotinine arc similar in the two groups. 34 Other 
factors such as race or ethnicity may contribute to differences 
in body metabolism of nicotine to cotinine and uptake by hair. 
In Toronto, 48 "Western and Eastern Indian" children had 
higher levels of cotinine in their hair than 112 European chil¬ 
dren with similar reports of exposures to ETS. 38 The colour of 
hair was not related to a difference in cotinine levels. The 
authors attributed this racial difference in cotinine hair levels 
to slower metabolism of nicotine by Indian children, leading 
to a longer duration of circulating nicotine and cotinine serum 
levels which contributed to higher hair levels of these 
compounds. Three papers 311-315 have reported similar findings 
for active smoking among African American adults compared 
with Americans of European, origin. Therefore, ethnicity or 
race may be an important contributor in nicotine .metabolism 
variability as may the type and texture of hair in relation to 
race be related to difference in uptake or nicotine, an area 
which needs further investigation. 

Biological variability in metabolism normally occurs for all 
xenobiotic agents. Nicotine inhaled Into the body follows a 
biphasic pattern beginning with a short distribution phase 
(5-10 minutes) and a longer elimination phase with high 
interindtvidual variation (70-140 minutes). 39 The nicotine is 
incorporated into hair as long as it is present in the circulation; 
therefore, nicotine collected in hair is representative of the 
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Table 1 Continued Main studies published on hair nicotine cmd cotinine levels in relation to reported exposure 
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Figure 2 Matetncd and their respective neonates' hair 
concentrations of cotinine according fa the maternal smo* m ; f ibif 
(active, pas-sive, and non-smokers (that is, none ■rf-osed). f Iu>.1 
ftem Eiiopoijfos er ctF‘ with permission from put lu.er, 

cumulative dose coll: . led gradually ovvt rhe period of 
ovpuuite, The fact i;« p '.u-SO'v. of nicotine is cltvimJ by King 
converted to •.■•!■:•: -.u-. ..-vsU that. riser tiitH*. I he tueiiLbo- 
li : i rale ;. :,:•■• tiiic may uiftvt Icvois of nicotine avLiurr.ulalion 
ill hi -, i ’»i:i not c:<\ tretird to can so wide inter individual vari¬ 
ability K^.v .<j of tho slow growth rate of hair, a concept indi¬ 
rect ly supported by findings from l-ltopoulnsr cr dl : ivho 
reported that levels of nkoiine in hair were nul correlated to 
(the mo tv variable) serum nicotine levels of 36 adult smoker* 
(r - 0.24. [i « OJ^j at a single point of time. The poor correla¬ 
tion between hair nkotine and serum nicotine levels can be 
expected because the - rim levels depend on the instant the 
blood sample was drawn in relation to the most recent 
exposuro* 1 -—whether it . during the peak serum level or 
after nicotine was nu*i.■ 1 ■ 1 ■ M and levels had UptTrti down— 
while nicotine levels in hu'^aiv tu.i related to sush irregulari¬ 
ties because of the rde- 1 ' ' growth rate. [The coticentratinn 
of nicotine in hair is dated by dividim; the anion nr of 
nicotine detected by the weight of tiio iutr cample,"* ! 

When there is interest iri time related exposure, h<m* can be 
cut in relation to time ten the proximal I an of hair to the 
ilp would represent last month's exposure), it will give the 
wo I ,; . 1 dose of exposure,, which is defined as the cumulative 
c.\ o 'ire divided by the duration of exposure.*' The average 
n. one dose of hair is therefore less vulnerable* to everyday 
v,u lability of exposure, metabolism, or elhmn..uk>n of nicotine 
t h a n of her b «.u u ark ers. For ex a ft t p I e. n iea si r re o I dose r*r u ri r i<: 
culinine represent the average dose for the previous 1-3 days, 
which makes this measure more prone to the influence of 
irregularities in E-TS exposure arid in*ermdividu«jl 
variability. 1 "'" 


Hair uptake of nicotine and other substances 

The mode of itpta ke of drugs by hair has been sir: ; iy t p • •' Voted 
in the literature.* 1 Most argue that hair rn - -dv ■'-.«■> rrp 
external substances like nicotine or its metabolite i:• ►n the 
system! e circulation through the hair bulb flood 
supply / 411 * 4: v It is heheted that nicotine moves by pa Give 
diffusion from the bloodstream into the growing hair cells at 
the base uf the toll Me and then becomes tightly bound in the 
interior of the hair shaft during subsequent kcratogcncsis. 
Therefore, nicotine incorporation in hair is dependent on the 
average concentration in Wood over time, which in turn 
depends on Lb** 'lose inhaled or ingested. Knowing the rate aL 
which hair :> .vs. and the distance of the analysed hair 
section from the scalp, levels in hair may then be related to 
ex posure < 1 •. ■ whoI her act ivc or passi vc >; o a t ime i lope 11 d 

cut main i 

In ;- :p;i i; .;hi» theory, a constant nicotine < i teentration 

has. t < _i tuuncl along the hair shaft &•: -.aol t • < ■■. \ and 

a do* ■'•■'.■ :V:' "•■•ncctit rat ion towards me pc- . :. I emi of the 

hair shait kn individuals who had quit -.in k'n;; in recent 
mo; x . (n 1 l ie’ Sunildr findings are ex plumed by the 
tipi i .. • f nicotine being related to the inhabit . •?: of nicotine, 
where active smokers v\ho quit or decreased smoking had 
decreasing hair nicotine levels in their newly grown hair.*' 
UerriaisiV 4 demonstrated this same phenomenon {fig 1 >, and it 
has also been shotvn iti studies of drugs injected systemati¬ 
cally to asses?, hair growth rates/ Animal studies where 
subcutaneously injected nicotine was related to its levels in 
rile animals growing hair also supported this system a tic 
uptake uf JiicoriiK'/' 

O'hors argue that men tine (and other drugs) is mainly 
ads 1 Into the hair shaft from tiie ambient 
cm m*iiineni/* lT * Nilscn rt ul found similar patterns of 
: c.. . :i ig a • ’ line lev.-1 *1 the distal end of hair among five 

sift : 1 . ;ml tiu' non fl ■ unolvcd in smoking cessa¬ 
tion pr * h" Jltiibi..u\\ these patterns to the 

ads'' ; yn\,c -r ir i- ns- -iiias. from the environment I the dis- 
tal Cliti of i i • i 1 ! ii r. the prnxintaI ond bee.*usc Q. j;s lunger 
exposure u- ' '' '! c.'Milt; trurn NUsen and c. Ik** . ip- 
por r irig : . 11 ■ i . .. i 1 p., ( ,rd >.r<rpl.ion in «is jkrc • ■ ( ••-•••'■ 
vvej • nidi: • . c : i t -scoental conditi- as in . it-y t.:- 1 . 

hair s.icipl.. . • i • iminaUexposal lovarylt:.; •* grccs 

of luccftii.-. . i ii.i ; va|HYur or fluid,’ 141 '"’The cut hair in 
these stud -ip-a . t to a! normally high levels ' t JiiCufine 

that do not ivpJ-' ■ :*r the usual iiidoor levels of exp-osure. In 
addition, the cut cud o : the hair may very we it per ant the pas¬ 
sage of nicvLute from the fluid or the vapour into the inside of 
the hair shaft, tn their liudings, MilsenW a/ f<«und that the rale 
nf environmental uptake by hair decreased with the increasing 
concent vat ion of nicotine/ 1 ft was also reported that short 
term uptake (7Z1 hours) of nkutinc in hair is not linear with 
exposure, while a linear uptake of nicotine seems to exist in 
the case of long term | eight weeks) exposure to nicotineat low 
concentration (1.5 jig/n/j from controlled air diambefs/ 1 
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If adsorption occurs directly from the ambient environ¬ 
ment, it is clearly not the only route of entry of nicotine into 
hair. Gerstenberg t’l al" found that 71-90% uf the nicotine from 
hair samples of laboratory animals that were directly exposed 
to tobacco smoke was removed by washing," while Haley and 
Hoffman found up to 28-fold higher nicotine levels in 
non-washed hair samples compared to washed hair samples 
from the same individuals indicating limited, if any, adsorp¬ 
tion from external contamination." These findings have also 
been reported for drugs such as morphine and cocaine." 
Hence, in the laboratory, all liair samples are washed by 
cleansing solutions before being digested and analysed to 
avoid contamination from nicotine externally attached to the 
hair shaft. 

It may be that hair does adsorb nicotine directly from the 
environment after a lengthy contact period, but this route is 
probably secondary to the main route of systemic circulation 
nourishing the hair because of the above mentioned observa¬ 
tions in human and animal hair studies. Judging from hair 
washing studies, it seems external adsorption happens for a 
small fraction From the total external exposure—that is, high 
sudden external exposure has a limited effect on variability of 
nicotine levels incorporated into hair shaft if hair samples are 
washed before analyses. In a recently published study 11 wc 
found hair nicotine levels to be correlated with hair cottnine 
levels. Since cotinineis only produced endogenously, this close 
correlation supports systemic absorption of nicotine into hair. 
More experimental studies will be required to reach consensus 
on the percentage of environmental adsorption of nicotine 
and other chemicals into the hair shaft. 

This debate does not directly affect the use of hair nicotine 
as a biomarker of ETS exposure. Regardless of whether the 
uptake is systemic or external, nicotine seems to be 
consistently incorporated in lhe hair shaft and is available for 
analysis, and lias been found to be well correlated with reports 
of exposure (table t). The tiair and the face are in close prox¬ 
imity to each other and are therefore expected to be exposed to 
similar amounts of ETS. 

Cotinine in hair 

Cottnine is present in hair, but in much lower concentrations 
than nicotine'* 49 ” " (table 1). In the laboratory, Gerstenberg et 
al" reported that nicotine in hair was up to 70 times higher 
lhan colitiinc even though coihtinc levels in plasma were 
higher than nicotine. Kintz“ and others similarly reported the 
lower cotinine level in hair and its inability to differentiate 
active and passive exposure groups. However, Eliopoulos et al 2 
found cotinine in hair to be better correlated to history of 
cigarette smoking among 36 adults volunteers than nicotine 
in spite of its being present in much lower concentrations. 

As cotinine levels in hair are much lower than nicotine lev¬ 
els, tiiis may reduce detection of ETS exposure, thus explain¬ 
ing the relatively poor correlation to history of exposure 
among non-smokers in several studies.* ’*" ” ” " It seems that 
cotinine is not distributed through the body in exactly the 
same manner as nicotine. For example, nicotine levels arc 
higher in the breast milk of smoking mothers than in serum, 
but cotinine levels in breast milk tend to be lower Lhan in 
serum/ 1 ' Luck and Nau attributed this finding to a longer half 
life of nicotine in milk than in serum, and to differences in pH 
of the two compounds, and consequently different rates of 
uptake/' which could similarly explain the differences 
between nicotine and cOLininc incorporation rale into hair. 

Hair colour and nicotine uptake 

Hair colour may influence nicotine uptake. Several 
investigators* 15 19 " have reported that white or fair hair has 
lower nicotine levels than black hair for a similar exposure 
level. Several participants with grey hair provided black and 
grey hair simultaneously, and showed lower levels in their grey 


hair/" This difference was explained by nicotine having a 
higher affinity to melanin, which is produced by melanocytes 
at the hair bulb and incorporated into the cortex of the hair. 
(This higher affinity to melanin suggests that most of the 
nicotine in hair is incorporated through systemic circulation 
by passing through the hair bulb and attaching to the 
melanocyte granules, which are only present in the cortex of 
the hair shaft). Gerstenberg et at 4 recognised that non- 
pigmented rat hair had concentrations of nicotine 20 times 
lower than pigmented rat hair when taken through the 
systemic route. Hair pigmentation was also related to the lev¬ 
els of nicotine absorbed by cut rat hair samples directly from 
the external environment, but with a much lower ratio of 1.5:1 
(pigmented to non-plgmented)/’ 

Others have argued that there is no difference in nicotine 
(and cotinine) uptake in relation to hair colour. Zahlsen etal" 
found that nicotine uptake from exposure to different 
concentrations of nicotine did not differ in relation to the col¬ 
our of hair. They quantitatively measured melanin levels in 
hair in order to assess this relation. They aiso found that the 
person's age, hair thickness, 54 and sex 5 did not affect nicotine 
uptake rate. However, their exposure was not systemic but 
involved cut hair samples. Knight el al" reported that among 
112 white children in Toronto, dark and fair hair had similar 
cotinine levels for similar reports of exposure, bul their 
findings on cotinine levels do not necessarily apply to nicotine. 
Further studies arc needed to investigate the relation between 
melanin in hair and nicotine uptake. In the meantime, includ¬ 
ing hair colour as a covariate in the analyses of.hair nicotine 
results may minimise inter-individual variability. 

Cosmetics and other treatments and their effect on hair 

The ability of the hair to preserve substances incorporated into 
its shaft may be compromised by externally damaging factors. 
Several researchers have suggested that the chemical treat¬ 
ment of hair, such as dyeing and permanent waving, can 
damage the structure of the hair and affect the accurate 
detection of drugs in it.“ " Pichini et al used hair dye, perma¬ 
nent wave, and 30% hydrogen peroxide and concluded that 
these chemicals lower nicotine and cotinine levels in hair but 
do not remove them altogether.** Jurado el al used bleaching 
and hair dying on eight hair samples of smokers and found 
that the cuticle of the hair was not damaged after bleaching or 
dying and nicotine Levels were reduced by 30%/ 5 

On the other hand, normal (non-dandruff) shampoo wash¬ 
ing does not seem lo affect the levels of nicotine in the shaft of 
the hair. Li and Cheng“ found that washing hair samples with 
shampoo for up to 20 minutes did not affect the internal con¬ 
tent of hair. We recently found that adjusting for hair dying 
history in a multiple regression model did not significantly 
alter the estimated levels of nicotine in the hair of 
non-smoking bar and restaurant staff/" 

Therefore, it is expected that significant cosmetic treatment 
of the hair (for example, bleaching) will affect hair contents of 
nicotine, and these variables have lo be taken into account 
when collecting information from adults donating their hair 
samples for research purposes. Normal hair washing seems lo 
wash away externally attached nicotine rather than the nico¬ 
tine that is measured by analysis (nicotine incorporated into 
the shaft of the hair). 

ADVANTAGES AND DISADVANTAGES OF HAIR AS 

A BIOMARKER OF ETS 

Advantages 

• Hair nicotine provides better information on long term ETS 
exposure than biomarkcr measures in urine, saliva, or 
scrum because of the shorter half life of the latter biomark 
crs.The long term (up to several months) ETS exposure is 
the usual exposure of interest in health-related studies. 
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• The absence of drug metabolism in hair and its fairly 
uniform growth rate for a given location in the body may 
provide an historical account of ETS exposure, provided that 
the concentrations measured in a given hair segment arc 
related to their distance from the scalp (usually the 
proximal 1-2 cm). 121 

• The hair nicotine biomarker can be analysed with standard 
laboratory methods, and some of the recently developed 
methods are cost effective for large epidemiological 
studies.** 7 

• An advantage of nicotine in hair over cotininc in urine Is its 
increased ability to differentiate exposure status because of 
less variability. 1 

• Hair is easily collected without the need for prior notice to 
the participants (as is the case when collecting urine sam¬ 
ples). No trauma is caused to the donor when collecting the 
sample (as in collecting blood samples). Samples can be 
stored readily and inexpensively without deterioration. The 
nicotine levels in hair are not lowered by storage of samples 
for a period of up to five years. 2 ' 

• The use of a biomarker such as hair nicotine avoids 
problems such as recall bias, under reporting or lack of 
awareness of exposure that may be encountered with ques¬ 
tionnaires, In addition, no information is needed on time 
activity patterns, room air exchange rate, or distance from 
smokers. 

• Nicotine is almost entirely specific to the exposure of inter¬ 
est (ETS) and therefore has better validity than environ¬ 
mental monitors that are used for measuring non-specific 
pollutants such as suspended particle levels as an indicator 
of ETS. 

• Nicotine in hair can be used for assessment of intrauterine 
exposure to nicotine by collecting hair samples (if available) 
from neonates and determining the intrauterine exposure 
in the later months of pregnancy when fetal hair 
develops/' *• 

Disadvantages 

• As with other biomarkers, there are issues of intermdi- 
vidual variation in uptake of nicotine into the hair, and hair 
nicotine levels may be affected by factors such as irregular 
hair growth and the hair type and colour. These issues need 
farther research. 

• Chemical and physical treatments such as strong hair 
detergents and permanent waves may influence Lhe integ¬ 
rity of the hair shaft's outer cuticle layer and cause leakage 
of nicotine from hair. M w 

• There are analytical difficulties in extracting nicotine from 
hair in a consistent and reproducible manner in different 
laboratories, and there is a lack of reference material for 
evaluating various laboratory methodologies. 64 

• It is still not understood how nicotine levels in hair relate to 
the biologically effective dose of ETS. 

• Use of the hair biomarker is more costly than question¬ 
naires. 

• There are restrictions on cutting hair in some cultures. 

• Some infants and adults have scarce scalp hair that may not 
provide sufficient samples for analysis and assessment of 
ETS exposure. 

CONCLUSIONS 

Hair nicotine measures offer a new approach to ETS 
assessment in relation to health effects. The data published so 
far on this method arc encouraging, but most are obtained 
from experimental settings rather than large scale epidemio¬ 
logical studies. Hair nicotine provides the advantage of longer 


term exposure assessment than othcravailablebiomarkers. In 
addition, the time dependent ETS exposure assessment is 
unique to hair nicotine. Uncertainties over the mechanism by 
which drugs arc incorporated into hair may have ted to 
caution in the use of hair in forensic toxicology and medicine, 
but this may not be a serious issue for ETS studies. However, 
other issues in relation to this biomarker are still unresolved, 
such as how the hair colour, chemical treatments of hair, or 
type of hair texture can affect the results and their interpret¬ 
ation. Understanding and adjusting for these variables are 
expected to improve the precision of this measure,3Vhilc this 
needs to be an ongoing process, it should not hamper the cur¬ 
rent use of Lhis biomarker. It is important to extend the pub¬ 
lished literature with new studies from different parts of the 
world, using different study designs, bearing in mind the con¬ 
cerns mentioned above, and attempting to adjust for the con¬ 
tribution of these factors to the variability of results. 

In particular, what are most needed are studies that apply 
this measure of exposure to assessment of ETS health effects. 
Tills biomarker may have applies lions in exposure-disease 
association assessment. It can also be a useful tool in 
intervention studies to reduce tobacco consumption or 
exposure from the environment. Hair nicotine measure of ETS 
exposure can be a valuable tool in research and clinical 
settings. With the advancement of molecular epidemiology 
and the need for more precise methods of exposure measure¬ 
ment, the hair nicotine biomarkcr will likely become a stand¬ 
ard measure of ETS exposure, 
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